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Abstract
This senior project outlines potential lecture activities for a guest speaker or teacher in a
high school classroom to present interesting applications of linear algebra. These applications are
meant to be pertinent to things students at this age level are already learning or are interested in.
The activities are designed such that the ideas of upper-level math are introduced in a very guided
and non-intense way. The intent of the activities is mostly applications and interesting results
rather than mathematical lecturing or instruction.
The high school level courses explored in this project are chemistry, economics, and
health/physical education. For these subjects respectively, the students are taught how to balance
chemical equations, how to observe equilibrium prices in a small economy, and how to create a
diet balanced in macronutrients all through the utilization of forming and reducing matrices into
reduced row echelon form. For each course, there was an intro assignment created which would be
expected to be teacher led and extremely guided, as well as one or two student led practice
assignments that are very similar to the intro assignment and are intended for hands-on practice
with the material introduced in the intro assignment.
This project aims to address the question some high school students find themselves
asking: “When are we ever going to use math in the real world”, while also providing them with
stimulating and relevant conclusions that they can relate to and get excited about.

Activity Keys and Written Explanation can be found at the end of the document
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Math Education, Linear Algebra, High School Education, Balancing Chemical Equations, Equilibrium Pricing, Balanced Diet
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(CHEMISTRY1) Solving Balanced Chemical Equations with Linear Algebra! (Teacher Led - Intro
Assignment)
(a) Write the unbalanced chemical equation for sodium peroxide mixing with water to form sodium
hydroxide and oxygen.

+
R1

→
R2

+
P1

P2

(b) Fill in the bracketed columns below according to the equation in part (a).

𝑅1 # $ + 𝑅2 # $ → 𝑃1 # $ + 𝑃2 # $

← #𝑜𝑓 𝑆𝑜𝑑𝑖𝑢𝑚𝑠
← #𝑜𝑓 𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑠
← #𝑜𝑓 𝑂𝑥𝑦𝑔𝑒𝑛𝑠

(c) Treat the above reaction as an equation and move all terms to the left-hand side of the equal sign.

𝑅1 # $ + 𝑅2 # $ = 𝑃1 # $ + 𝑃2 # $
0
____________________________________ = #0$
0

(d) For any negative coefficient (such as P1), make the coefficient positive and make all terms in the
corresponding bracket negative.

0
𝑅1 # $ + 𝑅2 # $ + 𝑃1 # $ + 𝑃2 # $ = #0$
0
(e) Fill out the augmented matrix below using your numbers in part (d).
R1

R2

P1

𝐴=#

3

P2

0
0$
0

(f) Use a reduced row echelon solver (https://tinyurl.com/2p9f7k2y) to get the reduced row echelon
form of A.
R1
R2 P1
P2

0
0$
0

𝑅𝑅𝐸𝐹 = #

Remember the rows of the matrix can also be read as __R1 + __R2 + __P1 + __P2 = 0
(g) Fill out the equations below using part (f).

1𝑅1 + ___𝑃2 = 0 → 𝑅1 = ____𝑃2
1𝑅2 + ___𝑃2 = 0 → 𝑅2 = ____𝑃2
1𝑃1 + ___𝑃2 = 0 → 𝑃1 = ____𝑃2
(h) Write the first bracketed column in terms of P2 using part (g) then factor out the P2.

𝑅1
0𝑅21 =
𝑃1
𝑃2

____𝑃2
____𝑃2
2
3 = 𝑃2 2 3
____𝑃2
𝑃2
1

This is the general solution for the chemical equation! Given the number of moles of P2 (the second
product) produced, you can find how many moles reactant 1 and reactant 2 are needed and how many
moles of product 1 are also produced.
(i) If 1 mole of O2 is produced, what does the general solution from (h) become?

𝑅1
0𝑅21 = 𝑃2 2 3 = (
𝑃1
𝑃2
1

)2 3
1

Now multiply every number in the bracket by this number.

(

𝑅1
) 2 3 = 2 3 = 0𝑅21
𝑃1
𝑃2
1
4

These are your coefficients! Now balance the chemical equation using them:

+
R1

→
R2

+
P1

P2

This is the balanced chemical equation if the chemical reaction produces 1 mol of O2.
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(CHEMISTRY2) Solving Balanced Chemical Equations with Linear Algebra! (Student Led- Practice
Assignment)

Question 1
(a) Use this unbalanced chemical equation to fill in the bracketed columns below. (Reference: part a-b
in the intro assignment).

𝑯𝑪𝒍
R1

+

𝑵𝒂

→

𝑵𝒂𝑪𝒍

R2

+

P1

𝑯𝟐
P2

𝑅1 # $ + 𝑅2 # $ → 𝑃1 # $ + 𝑃2 # $

← #𝑜𝑓 𝑆𝑜𝑑𝑖𝑢𝑚𝑠
← #𝑜𝑓 𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑠
← #𝑜𝑓 𝐶ℎ𝑙𝑜𝑟𝑖𝑛𝑒𝑠

(b) Treat the above reaction as an equation and move all terms to the left-hand side of the equal sign.
(Reference: part c in the intro assignment).

𝑅1 # $ + 𝑅2 # $ = 𝑃1 # $ + 𝑃2 # $
0
____________________________________ = #0$
0
(c) For any negative coefficient (such as P1), make the coefficient positive and make all terms in the
corresponding bracket negative. (Reference: part d in the intro assignment).

0
𝑅1 # $ + 𝑅2 # $ + 𝑃1 # $ + 𝑃2 # $ = #0$
0
(d) Fill out the augmented matrix below using your numbers in part (c). (Reference: part e in the
intro assignment).
R1
R2 P1
P2

0
0$
0

𝐴=#
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Question 2
(a) Use this unbalanced chemical equation to fill in the bracketed columns below. (Reference: part a-b
in the intro assignment).

𝒁𝒏
R1

+

𝑪𝒖𝑪𝒍𝟐

→

𝒁𝒏𝑪𝒍𝟐

R2

+

P1

𝑪𝒖
P2

𝑅1 # $ + 𝑅2 # $ → 𝑃1 # $ + 𝑃2 # $

← #𝑜𝑓 𝑍𝑖𝑛𝑐𝑠
← #𝑜𝑓 𝐶𝑜𝑝𝑝𝑒𝑟𝑠
← #𝑜𝑓 𝐶ℎ𝑙𝑜𝑟𝑖𝑛𝑒𝑠

(b) Treat the above reaction as an equation and move all terms to the left-hand side of the equal sign.
(Reference: part c in the intro assignment).

𝑅1 # $ + 𝑅2 # $ = 𝑃1 # $ + 𝑃2 # $
0
____________________________________ = #0$
0

(c) For any negative coefficient (such as P1), make the coefficient positive and make all terms in the
corresponding bracket negative. (Reference: part d in the intro assignment).

0
𝑅1 # $ + 𝑅2 # $ + 𝑃1 # $ + 𝑃2 # $ = #0$
0
(d) Fill out the augmented matrix below using your numbers in part (c). (Reference: part e in the
intro assignment).
R1
R2 P1
P2

0
0$
0

𝐴=#
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(CHEMISTRY3) Solving Balanced Chemical Equations with Linear Algebra! (Student Led- Practice
Assignment)
Use the following unbalanced chemical equation to answer parts (a-f):

𝑪𝑯𝟒

+

R1

𝑶𝟐

→

R2

𝑪𝑶𝟐

+

𝑯𝟐 𝑶

P1

P2

(a) Use the following matrix in reduced row echelon form to fill in the equations below (Reference:
part f-g in the intro assignment).

1 0 0 −1/2 0
−1
0$
𝑅𝑅𝐸𝐹 = #0 1 0
0 0 1 −1/2 0
1𝑅1 + ___𝑃2 = 0 → 𝑅1 = ____𝑃2
1𝑅2 + ___𝑃2 = 0 → 𝑅2 = ____𝑃2
1𝑃1 + ___𝑃2 = 0 → 𝑃1 = ____𝑃2
(b) Now use the equations above to find the general solution for the balanced chemical equation
(Reference: part h in the intro assignment).

𝑅1
0𝑅21 =
𝑃1
𝑃2

____𝑃2
____𝑃2
2
3 = 𝑃2 2 3
____𝑃2
____𝑃2

This is the general solution for the chemical equation! Given the number of moles of P2 (the second
product) produced, you can find how many moles reactant 1 and reactant 2 are needed and how many
moles of product 1 are also produced.
(c) What are the coefficients for the balanced chemical equation if the reaction produces 2 moles of
H2O (P2)? (Reference: part i in the intro assignment).

𝑪𝑯𝟒

+

𝑶𝟐

→

𝑪𝑶𝟐

+

𝑯𝟐 𝑶

(d) What are the coefficients for the balanced chemical equation if the reaction produces 4 moles of
H2O (P2)? (Reference: part i in the intro assignment).

𝑪𝑯𝟒

+

𝑶𝟐

→

𝑪𝑶𝟐
8

+

𝑯𝟐 𝑶

(e) What are the coefficients for the balanced chemical equation if the reaction produces 6 moles of
H2O (P2)? (Reference: part i in the intro assignment).

𝑪𝑯𝟒

+

𝑶𝟐

→

𝑪𝑶𝟐

+

𝑯𝟐 𝑶

(f) If we want the coefficients for the balanced chemical equation to be only whole numbers, would it
be possible for the balanced chemical equation to yield only 1 mole of H2O (P2)?

𝑪𝑯𝟒

+

𝑶𝟐

→

𝑪𝑶𝟐

9

+

𝑯𝟐 𝑶

(ECONOMICS1) The Linear Algebra Behind the Economy! (Teacher Led - Intro Assignment)

Suppose there is a small city with a very simple economy. This economy is made up of 3
different companies.

Machines, Power, Labor
Each of these companies has an income where they make money from the other two companies
purchasing their product or service(output), and expenses from them spending money on the other two
companies’ product or services (outputs).
The machine company:
Sells 30% of its outputs to the Power company,
Sells 50% of its outputs to the Labor company, and
Needs 20% of its outputs for itself.
The Power company:
Sells 40% of its outputs to the Machine company,
Sells 40% of its outputs to the Labor company, and
Needs 20% of its outputs for itself.
The Labor company:
Sells 60% of its outputs to the Machine company,
Sells 40% of its outputs to the Power company, and
Needs 0% of its outputs for itself.
(a) Complete the table below by filling in the percentages given above. This table will show how much
of each company’s outputs the other companies are buying up.
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑆𝑒𝑙𝑙𝑖𝑛𝑔 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 →
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐵𝑢𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 ↓

Machines

Machines
Power
Labor

10

Power

Labor

(b) Complete the same table as before, but this time convert the percentages to decimals.
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑛𝑔 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 →
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐵𝑢𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 ↓

Machines

Power

Labor

Machines
Power
Labor

Let’s Define a few variables
𝑷𝑴 = The Machine company’s total income
𝑷𝑷 = The Power company’s total income
𝑷𝑳 = The Labor company’s total income
(c) Set up equations to set each company’s income equal to its expenses (remembering that their
expenses are how much they spend on other company’s outputs). As an example, this is how the
equation would be set up for the machine company:

𝑃# = 0.2 𝑃# + 0.4 𝑃$ + 0.6 𝑃%
Notice how the decimal percentage that the machine company spends on each company’s output is
multiplied by that company’s total income, to get how much the machine company is paying the company its
buying outputs from! Now you try:

𝑃$ = _____ 𝑃# + _____𝑃$ + _____ 𝑃%
𝑃% = _____ 𝑃# + _____𝑃$ + _____ 𝑃%
(d) Move all terms to the left-hand side of the equal sign, for each of the equations in part (c). After
doing this, fill in the blanks below.

_____ 𝑃# − _____𝑃$ − _____ 𝑃% = 0
−_____ 𝑃# + _____𝑃$ − _____ 𝑃% = 0
− _____ 𝑃# − _____𝑃$ + _____ 𝑃% = 0
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(e) Fill out the augmented matrix below using your numbers in part (d).
PM

PP

𝐴= #

PL

0
0$
0

(f) Use a reduced row echelon solver (https://tinyurl.com/2p9f7k2y) to get the reduced row echelon
form of A.
PM
PP
PL

0
0$
0

𝑅𝑅𝐸𝐹 = #

Remember the rows of the matrix can also be read as __PM + __PP + __PL = 0
(g) Fill out the equations below using part (f).

1𝑃# + ____𝑃% = 0 → 𝑃# = _____𝑃%
1𝑃$ + ____𝑃% = 0 → 𝑃$ = _____𝑃%
𝑃% = 𝑃%
(h) Write the first bracketed column in terms of PL using part (g) then factor out the PL.

𝑃#
____𝑃%
# 𝑃$ $ = #____𝑃% $ = 𝑃% # $
𝑃%
𝑃%
1
This is the general solution for the city’s economy in equilibrium! Given the total income of the labor
company (PL), you can find the total income for both the machine company and the power company
when every company is spending just as much money as they are making from selling their outputs!
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(i) If the total income of the labor company was 5 (to represent $5 million), what does the general
solution from (h) become?

𝑃#
# 𝑃$ $ = 𝑃% # $ = ( ) # $
𝑃%
1
1
Now multiply every number in the bracket by this number.

So Equilibrium Incomes are:

𝑃#
( ) # $ = # $ = # 𝑃$ $
𝑃%
1
PM = $____ million
PP = $____ million
PL = $ 5 million

These are the equilibrium coefficients! If all companies make this much money, every company’s income
will be exactly equal to their expenses.
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(ECONOMICS2) The Linear Algebra Behind the Economy! (Student Led - Practice Assignment)
Use the following information to answer questions 1 and 2:
Suppose there is a small city with a very simple economy. This economy is made up of 3 different
companies.

Lumber, Power, Textiles
Each of these companies has an income where they make money off the other two companies buying their
product or service(output), and expenses where they spend money on the other two companies’ products
or services (outputs).

𝑷𝑳 = The Lumber company’s total income
𝑷𝑷 = The Power company’s total income
𝑷𝑻 = The Textile company’s total income
Question 1
(a) Use the following table to set up equations to set each company’s income equal to its expenses
(remembering that their expenses are how much they spend on other company’s outputs).
(Reference: part c in the intro assignment).
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑛𝑔 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 →
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐵𝑢𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 ↓

Lumber
Power
Textiles

Lumber

Power

Textiles

0.4

0.3

0.7

0.5

0.1

0.1

0.1

0.6

0.2

𝑃% = _____ 𝑃% + _____𝑃$ + _____ 𝑃&
𝑃$ = _____ 𝑃% + _____𝑃$ + _____ 𝑃&
𝑃& = _____ 𝑃% + _____𝑃$ + _____ 𝑃&
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(b) Move all terms to the left-hand side of the equal sign, for each of the equations in part (c). After
doing this, fill in the blanks below. (Reference: part d in the intro assignment).

_____ 𝑃% − _____𝑃$ − _____ 𝑃& = 0
−_____ 𝑃% + _____𝑃$ − _____ 𝑃& = 0
− _____ 𝑃% − _____𝑃$ + _____ 𝑃& = 0
(c) Fill out the augmented matrix below using your numbers in part (b). (Reference: part e in the
intro assignment).
PM

PP

PL

𝐴= #

0
0$
0

Question 2
(a) Use the following table to set up equations to set each company’s income equal to its expenses
(remembering that their expenses are how much they spend on other company’s outputs).
(Reference: part c in the intro assignment).
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑛𝑔 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 →
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐵𝑢𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 ↓

Lumber
Power
Textiles

Lumber

Power

Textiles

0.1

0.2

0.8

0.7

0.2

0.2

0.2

0.6

0.0

𝑃% = _____ 𝑃% + _____𝑃$ + _____ 𝑃&
𝑃$ = _____ 𝑃% + _____𝑃$ + _____ 𝑃&
𝑃& = _____ 𝑃% + _____𝑃$ + _____ 𝑃&
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(b) Move all terms to the left-hand side of the equal sign, for each of the equations in part (c). After
doing this, fill in the blanks below. (Reference: part d in the intro assignment).

_____ 𝑃% − _____𝑃$ − _____ 𝑃& = 0
−_____ 𝑃% + _____𝑃$ − _____ 𝑃& = 0
− _____ 𝑃% − _____𝑃$ + _____ 𝑃& = 0
(c) Fill out the augmented matrix below using your numbers in part (b). (Reference: part e in the
intro assignment).
PM

PP

𝐴= #

16

PL

0
0$
0

(ECONOMICS3) The Linear Algebra Behind the Economy! (Student Led - Practice Assignment)
Use the following information to answer parts (a-e):
Suppose there is a small city with a very simple economy. This economy is made up of 3 different
companies.

Distribution, Manufacturing, Fishing
Each of these companies has an income where they make money off the other two companies buying their
product or service(output), and expenses where they spend money on the other two companies’ products
or services (outputs).

𝑷𝑫 = The distribution company’s total income
𝑷𝑴 = The manufacturing company’s total income
𝑷𝑭 = The fishing company’s total income
(a) Use the following matrix in reduced row echelon form to fill in the equations below (Reference:
part f-g in the intro assignment).
PD

PM

PF

1 0 −0.95 0
𝑅𝑅𝐸𝐹 = #0 1 −0.70 0$
0 0
0
0
Remember the rows of the matrix can also be read as __PD + __PM + __PF = 0

1𝑃' + ____𝑃( = 0 → 𝑃' = _____𝑃(
1𝑃# + ____𝑃( = 0 → 𝑃# = _____𝑃(
𝑃( = 𝑃(
(b) Write the first bracketed column in terms of PF using part (g) then factor out the PF. (Reference:
part h in the intro assignment).

𝑃'
____𝑃(
#𝑃# $ = #____𝑃( $ = 𝑃( # $
𝑃(
𝑃(
1
This is the general solution for the city’s economy in equilibrium! Given the total income of the fishing
company (PF), you can find the total income for both the distributing company and the manufacturing
company when every company is spending just as much money as they are making from selling their
outputs!
17

(c) If the total income of the fishing company was 3 (to represent $3 million), what does the general
solution from (b) become? What are the equilibrium incomes for each company under these
conditions? (Reference: part i in the intro assignment).

(d) If the total income of the fishing company was 10 (to represent $10 million), what does the general
solution from (b) become? What are the equilibrium incomes for each company under these
conditions? (Reference: part i in the intro assignment).

(e) If the total income of the fishing company was 0 (to represent $0 million), what does the general
solution from (b) become? What are the equilibrium incomes for each company under these
conditions? Does this mean that none of the companies are making or spending any money?
(Reference: part i in the intro assignment).
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(HEALTH1) Linear Algebra and Nutrition! (Teacher Led - Intro Assignment)

Suppose a healthy lunch should consist of the following recommended amounts of these
macronutrients:
Proteins

Carbohydrates

Fats

50 g

68 g

9g

And in your fridge, you have these foods available:
Nonfat yogurt
Protein Bars
Shrimp Pasta
Each of these foods, per 1 serving, have the following macronutrients:
𝐹𝑜𝑜𝑑 𝑂𝑝𝑡𝑖𝑜𝑛 →
𝑀𝑎𝑐𝑟𝑜𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝐴𝑚𝑜𝑢𝑛𝑡 (𝑔) ↓

Non-Fat Yogurt
(4 oz)

Protein Bar
(1 bar)

Shrimp Pasta
(3 cups)

Proteins
Carbohydrates
Fats

9
15
0

17
11
1.5

5
55
12

(a) Fill in the bracketed columns below according to the table above.

𝑌𝑜𝑔𝑢𝑟𝑡 # $ + 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝐵𝑎𝑟 # $ + 𝑃𝑎𝑠𝑡𝑎 # $

← (𝑔) 𝑃𝑟𝑜𝑡𝑒𝑖𝑛
← (𝑔) 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒
← (𝑔) 𝐹𝑎𝑡𝑠

(b) Treat this as an equation and set these equal to the number of recommended macronutrients
(given above).

𝑌𝑜𝑔𝑢𝑟𝑡 # $ + 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝐵𝑎𝑟 # $ + 𝑃𝑎𝑠𝑡𝑎 # $ = 𝑅𝑒𝑐 # $
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(c) Fill out the augmented matrix below using your numbers in part (b).
Yg

Pb

Pas

Rec

𝐴=#

$

(d) Use a reduced row echelon solver (https://tinyurl.com/2p9f7k2y) to get the reduced row echelon
form of A.
Yg
Pb
Pas Rec

𝑅𝑅𝐸𝐹 = #

$

Remember the rows of the matrix can also be read as
__Yogurt + __Protein Bar + __Shrimp pasta = ___Rec amount
The far-right column in the above matrix represents the amount of each food you must eat in your lunch
to meet the recommended amount! The numbers can be read as:
Rec
← # 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑛𝑔𝑠 𝑜𝑓 𝑦𝑜𝑔𝑢𝑟𝑡

# $ ← # 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑛𝑔𝑠 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑏𝑎𝑟𝑠
← # 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑛𝑔𝑠 𝑜𝑓 𝑠ℎ𝑟𝑖𝑚𝑝 𝑝𝑎𝑠𝑡𝑎
So, this is how much of each food to eat to stick to your macronutrient diet for lunch!
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(HEALTH2) Linear Algebra and Nutrition! (Student Led – Practice Assignment)
Use the following information to answer parts (a-e):

Suppose a healthy dinner for a marathon runner should consist of the following
recommended amounts of these macronutrients:
Proteins

Carbohydrates

Fats

60 g

100 g

9g

And in their fridge, they have these foods available:

Peanut Butter

Steak

Cereal

(a) Use the information above to fill out the following table: (Reference: part a in intro assignment).
𝐹𝑜𝑜𝑑 𝑂𝑝𝑡𝑖𝑜𝑛 →
𝑀𝑎𝑐𝑟𝑜𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝐴𝑚𝑜𝑢𝑛𝑡 (𝑔) ↓

Peanut Butter
(16 g)

Proteins
Carbohydrates
Fats
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Pepper Steak
(100 g)

Cheerios Cereal
(18 g)

(b) Fill in the bracketed columns below according to the table above. (Reference: part a in the intro
assignment).

𝑃𝑒𝑎𝑛𝑢𝑡𝐵 # $ + 𝑆𝑡𝑒𝑎𝑘 # $ + 𝐶𝑒𝑟𝑒𝑎𝑙 # $

← (𝑔) 𝑃𝑟𝑜𝑡𝑒𝑖𝑛
← (𝑔) 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒
← (𝑔) 𝐹𝑎𝑡𝑠

(c) Treat this as an equation and set these equal to the number of recommended macronutrients
(given above). (Reference: part b in the intro assignment).

𝑃𝑒𝑎𝑛𝑢𝑡𝐵 # $ + 𝑆𝑡𝑒𝑎𝑘 # $ + 𝐶𝑒𝑟𝑒𝑎𝑙 # $ = 𝑅𝑒𝑐 # $
(d) Fill out the augmented matrix below using your numbers in part (c). (Reference: part c in the
intro assignment).
Pb
Stk
Cer Rec

𝐴=#

$

(e) Would getting a negative set of values for the amount of each food you should eat make sense? Is it
possible to eat a negative amount of food?
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Written Explanation
This project is a collection of in class activities for high schoolers in high school level
chemistry (CHEMISTRY 1-3), economics (ECONOMICS 1-3), and health (HEALTH 1-2). These
activities are meant to briefly introduce a useful and interesting application of linear algebra to
students who may not have ever been exposed to this caliber of math before. They are not meant to
act as supplementary materials or to replace anything in the students’ current curriculum. The
activities were designed to let the students have hands-on practice with the material being
presented to them, without expecting them to perform any high-level calculations or mathematical
manipulations of things like matrices or systems of equations. The most important goal of the
activities is to excite and intrigue these students about other possible interesting and relevant
applications of upper-level math to stimulate their interest in potentially pursuing math as a college
major or career path.
The decision to highlight the specific high school courses that were utilized in this project
was done so after researching many different courses that Lincoln Public Schools offer and
determining which of them had a clear overlap with linear algebra and systems of equations. The
first activity of each course was designed as an intro assignment. This activity would be done on
the white board or via a projector, with the guest speaker or teacher leading the class question-byquestion and answering any questions the students may have. The rest of the activities created
were meant to be student led, but still very guided, practice assignments to give students a chance
to try out the Linear Algebra application themselves. This is meant to empower students who may
have felt indifferent or negatively towards math prior to starting the activity, but with guidance and
referencing the intro assignment, they feel confident in working through an interesting application
of upper-level math and getting a cool result themselves!
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The chemistry activities outline the utilization of linear algebra in balancing chemical
equations. Balancing these equations is something every chemistry student must do on a nearly
daily basis. This is done by analyzing the number of specific molecules in the reactants and
products and using these vectors to create an augmented matrix that can then be reduced into row
echelon form using an online solver, revealing the general solution for the coefficients of a
balanced chemical equation. Prior to starting the activity, students can try balancing chemical
equations on their own in a way they already know how to do. This way, following the activities,
they can discuss if they got the same answers for both methods of balancing the equations, which
way they liked better, or any other discussion points that could relate their past experiences with
what they just learned.
The economics activities outline the utilization of linear algebra in finding equilibrium
prices or incomes for a small city that can be presented as a system of equations. This application
is not as directly relevant to the students as balancing chemical equations is to chemistry students,
but it still serves to put upper-level math in the language and framework that students are already
operating in. This application is done by defining which companies in a city are selling certain
percentages of their outputs to other companies, using these numbers to set up systems of
equations to create an augmented matrix. The augmented matrix is then reduced into row echelon
form using an online solver, revealing the general solution for the incomes of all the companies in
the city when each company’s income is exactly equal to their expenses.
The health actives outline the utilization of linear algebra in creating a diet plan for a meal
that has very specific macronutrient requirements, but there’s only 3 foods with fixed
macronutrients to eat. This is done by analyzing the amount of each specific macronutrient in the
food options and using these vectors to create an augmented matrix that can then be reduced into
row echelon form using an online solver, revealing the specific number of servings of each food
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option needed to be consumed so that the meal has the required macronutrients.
In these activities, the teacher of the class would have discretion over how much they
wanted to define or discuss the ideas of vectors, vector equations, matrices, augmented matrices, or
the idea of reducing matrices. The activities are meant to stand-alone in demonstrating the
application of the math and the directions should be clear enough to complete the practice
assignments without such knowledge.
Current research is already be conducted on how to maintain or stimulate students’ interest
in mathematics. Some researchers such as Charles Y. C. Yeh and Hercy N. H. Cheng have done
this through the creation of a game-based learning environment for elementary school students
learning mathematics and achieved positive results maintaining and stimulating high levels of
math interest through this environment (Yeh, 2019). This type of research is incredibly relevant
and important as mathematicians are crucial in society and some students find themselves never
feeling stimulated or interested in math, while also not understanding some of the real-world
applications that are relevant to their lives. As research continues to develop and make strides in
the efforts towards stimulating math interest among students, projects like these activities could
show students these important applications at an extremely formative age. Research should
continue to address questions students, especially at the high school level, have such as “When will
we ever use this?” or “What is the point of learning this?” This project was created to aid in those
efforts in order to encourage students to choose math as a major or career field.
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Chemistry 1 – KEY
(CHEMISTRY1) Solving Balanced Chemical Equations with Linear Algebra! (Teacher Led - Intro
Assignment)
(a) Write the unbalanced chemical equation for sodium peroxide mixing with water to form
sodium hydroxide and oxygen.
𝑵𝒂 𝟐 𝑶 𝟐
R1

+ 𝑯𝟐 𝑶 →
R2

𝑵𝒂𝑶𝑯
P1

+

𝑶𝟐
P2

(b) Fill in the bracketed columns below according to the equation in part (a).
← #𝑜𝑓 𝑆𝑜𝑑𝑖𝑢𝑚𝑠
2
0
1
0
𝑅1 K0N + 𝑅2 K2N → 𝑃1 K1N + 𝑃2 K0N ← #𝑜𝑓 𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑠
← #𝑜𝑓 𝑂𝑥𝑦𝑔𝑒𝑛𝑠
2
1
1
2
(c) Treat the above reaction as an equation and move all terms to the left-hand side of the equal sign.
2
0
1
0
𝑅1 K0N + 𝑅2 K2N = 𝑃1 K1N + 𝑃2 K0N
2
1
1
2
2
0
1
0
0
𝑅1 K0N + 𝑅2 K2N − 𝑃1 K1N − 𝑃2 K0N = K0N
2
1
1
2
0
(d) For any negative coefficient (such as P1), make the coefficient positive and make all terms in the
corresponding bracket negative.
2
0
−1
0
0
𝑅1 K0N + 𝑅2 K2N + 𝑃1 K−1N + 𝑃2 K 0 N = K0N
2
1
−1
−2
0
(e) Fill out the augmented matrix below using your numbers in part (d).
R1 R2 P1 P2
2 0 −1 0 0
𝐴 = K0 2 −1 0 0N
2 1 −1 −2 0
(f) Use a reduced row echelon solver (https://tinyurl.com/2p9f7k2y) to get the reduced row echelon
form of A.
R1 R2 P1 P2
1 0 0 −2 0
𝑅𝑅𝐸𝐹 = K0 1 0 −2 0N
0 0 1 −4 0
Remember the rows of the matrix can also be read as __R1 + __R2 + __P1 + __P2 = 0
(g) Fill out the equations below using part (f).
1𝑅1 + −2𝑃2 = 0 → 𝑅1 = 2𝑃2
1𝑅2 + −2𝑃2 = 0 → 𝑅2 = 2𝑃2
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1𝑃1 + −4𝑃2 = 0 → 𝑃1 = 4𝑃2
(h) Write the first bracketed column in terms of P2 using part (g) then factor out the P2.
𝑅1
V𝑅2W =
𝑃1
𝑃2

2𝑃2
2
2𝑃2
V
W = 𝑃2 V2W
4𝑃2
4
𝑃2
1

This is the general solution for the chemical equation! Given the number of moles of P2 (the second
product) produced, you can find how many moles reactant 1 and reactant 2 are needed and how many
moles of product 1 are also produced.
(i) If 1 mole of O2 is produced, what does the general solution from (h) become?
𝑅1
2
2
V𝑅2W = 𝑃2 V2W = ( 1 ) V2W
𝑃1
4
4
𝑃2
1
1
Now multiply every number in the bracket by this number.
2
( 1 ) V2W =
4
1

2
𝑅1
V2W = V𝑅2W
4
𝑃1
1
𝑃2

These are your coefficients! Now balance the chemical equation using them:
𝟐𝑵𝒂 𝟐 𝑶 𝟐
R1

+ 𝟐𝑯𝟐 𝑶 →
R2

𝟒𝑵𝒂𝑶𝑯
P1

+

𝑶𝟐
P2

This is the balanced chemical equation if the chemical reaction produces 1 mol of O2.
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Chemistry 2 – KEY
(CHEMISTRY2) Solving Balanced Chemical Equations with Linear Algebra! (Student Led- Practice
Assignment)
Question 1
(e) Use this unbalanced chemical equation to fill in the bracketed columns below. (Reference: part a-b
in the intro assignment).
𝑯𝑪𝒍
R1

+

𝑵𝒂
R2

→

𝑵𝒂𝑪𝒍
P1

+

𝑯𝟐
P2

← #𝑜𝑓 𝑆𝑜𝑑𝑖𝑢𝑚𝑠
0
1
1
0
𝑅1 K1N + 𝑅2 K0N → 𝑃1 K0N + 𝑃2 K2N ← #𝑜𝑓 𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑠
1
0
1
0 ← #𝑜𝑓 𝐶ℎ𝑙𝑜𝑟𝑖𝑛𝑒𝑠
(f) Treat the above reaction as an equation and move all terms to the left-hand side of the equal sign.
(Reference: part c in the intro assignment).
0
1
1
0
𝑅1 K1N + 𝑅2 K0N = 𝑃1 K0N + 𝑃2 K2N
1
0
1
0
0
1
1
0
0
𝑅1 K1N + 𝑅2 K0N − 𝑃1 K0N − 𝑃2 K2N = K0N
1
0
1
0
0
(g) For any negative coefficient (such as P1), make the coefficient positive and make all terms in the
corresponding bracket negative. (Reference: part d in the intro assignment).
0
1
−1
0
0
𝑅1 K1N + 𝑅2 K0N + 𝑃1 K 0 N + 𝑃2 K−2N = K0N
1
0
−1
0
0
(h) Fill out the augmented matrix below using your numbers in part (c). (Reference: part e in the
intro assignment).
R1 R2 P1 P2
0 1 −1 0 0
𝐴 = K1 0 0 −2 0N
1 0 −1 0 0
Question 2
(e) Use this unbalanced chemical equation to fill in the bracketed columns below. (Reference: part a-b
in the intro assignment).
𝒁𝒏
R1

+

𝑪𝒖𝑪𝒍𝟐
R2

→

𝒁𝒏𝑪𝒍𝟐
P1

+

𝑪𝒖
P2

← #𝑜𝑓 𝑍𝑖𝑛𝑐𝑠
1
0
1
0
𝑅1 K0N + 𝑅2 K1N → 𝑃1 K0N + 𝑃2 K1N ← #𝑜𝑓 𝐶𝑜𝑝𝑝𝑒𝑟𝑠
0
2
2
0 ← #𝑜𝑓 𝐶ℎ𝑙𝑜𝑟𝑖𝑛𝑒𝑠
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(f) Treat the above reaction as an equation and move all terms to the left-hand side of the equal sign.
(Reference: part c in the intro assignment).
1
0
1
0
𝑅1 K0N + 𝑅2 K1N = 𝑃1 K0N + 𝑃2 K1N
0
2
2
0
1
0
1
0
0
𝑅1 K0N + 𝑅2 K1N − 𝑃1 K0N − 𝑃2 K1N = K0N
0
2
2
0
0
(g) For any negative coefficient (such as P1), make the coefficient positive and make all terms in the
corresponding bracket negative. (Reference: part d in the intro assignment).
1
0
−1
0
0
𝑅1 K0N + 𝑅2 K1N + 𝑃1 K 0 N + 𝑃2 K−1N = K0N
0
2
−2
0
0
(h) Fill out the augmented matrix below using your numbers in part (c). (Reference: part e in the
intro assignment).
R1 R2 P1 P2
1 0 −1 0 0
𝐴 = K0 1 0 −1 0N
0 2 −2 0 0
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Chemistry 3 – KEY
(CHEMISTRY3) Solving Balanced Chemical Equations with Linear Algebra! (Student Led- Practice
Assignment)
Use the following unbalanced chemical equation to answer parts (a-f):
𝑪𝑯𝟒
R1

+

𝑶𝟐
R2

→

𝑪𝑶𝟐
P1

+

𝑯𝟐 𝑶
P2

(a) Use the following matrix in reduced row echelon form to fill in the equations below
(Reference: part f-g in the intro assignment).
1 0 0 −1/2 0
−1
0N
𝑅𝑅𝐸𝐹 = K0 1 0
0 0 1 −1/2 0
1𝑅1 + −1/2𝑃2 = 0 → 𝑅1 = 1/2𝑃2
1𝑅2 + −1𝑃2 = 0 → 𝑅2 = 1𝑃2
1𝑃1 + −1/2𝑃2 = 0 → 𝑃1 = 1/2𝑃2
(b) Now use the equations above to find the general solution for the balanced chemical equation
(Reference: part h in the intro assignment).
1/2𝑃2
1/2
𝑅1
1𝑃2
1
V𝑅2W = a
b = 𝑃2 a
b
1/2𝑃2
1/2
𝑃1
𝑃2
1𝑃2
1
This is the general solution for the chemical equation! Given the number of moles of P2 (the second
product) produced, you can find how many moles reactant 1 and reactant 2 are needed and how many
moles of product 1 are also produced.
(c) What are the coefficients for the balanced chemical equation if the reaction produces 2 moles of
H2O (P2)? (Reference: part i in the intro assignment).
𝟏𝑪𝑯𝟒

+

𝟐𝑶 𝟐

→

𝟏𝑪𝑶𝟐

+

𝟐𝑯𝟐 𝑶

(d) What are the coefficients for the balanced chemical equation if the reaction produces 4 moles of
H2O (P2)? (Reference: part i in the intro assignment).
𝟐𝑪𝑯𝟒

+

𝟒𝑶 𝟐

→

𝟐𝑪𝑶𝟐

+

𝟒𝑯𝟐 𝑶

(e) What are the coefficients for the balanced chemical equation if the reaction produces 6 moles of
H2O (P2)? (Reference: part i in the intro assignment).
𝟑𝑪𝑯𝟒

+

𝟔𝑶 𝟐

→

𝟑𝑪𝑶𝟐
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+

𝟔𝑯𝟐 𝑶

(f) If we want the coefficients for the balanced chemical equation to be only whole numbers, would it
be possible for the balanced chemical equation to yield only 1 mole of H2O (P2)?
𝟏/𝟐𝑪𝑯𝟒

+

𝟏𝑶 𝟐

→

𝟏/𝟐𝑪𝑶𝟐

+

No, since this leads some coefficients to not be whole numbers.
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𝟏𝑯𝟐 𝑶

Economy 1 – KEY
(ECONOMICS1) The Linear Algebra Behind the Economy! (Teacher Led - Intro Assignment)
Suppose there is a small city with a very simple economy. This economy is made up of 3 different
companies.
Machines, Power, Labor
Each of these companies has an income where they make money from the other two companies
purchasing their product or service(output), and expenses from them spending money on the other two
companies’ product or services (outputs).
The machine company:
Sells 30% of its outputs to the Power company,
Sells 50% of its outputs to the Labor company, and
Needs 20% of its outputs for itself.
The Power company:
Sells 40% of its outputs to the Machine company,
Sells 40% of its outputs to the Labor company, and
Needs 20% of its outputs for itself.
The Labor company:
Sells 60% of its outputs to the Machine company,
Sells 40% of its outputs to the Power company, and
Needs 0% of its outputs for itself.
(a) Complete the table below by filling in the percentages given above. This table will show how much
of each company’s outputs the other companies are buying up.
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑆𝑒𝑙𝑙𝑖𝑛𝑔 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 →
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐵𝑢𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 ↓

Machines

Power

Labor

Machines

20%

40%

60%

Power

30%

20%

40%

Labor

50%

40%

0%

(b) Complete the same table as before, but this time convert the percentages to decimals.
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑛𝑔 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 →
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐵𝑢𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 ↓

Machines

Power

Labor

Machines

0.2

0.4

0.6

Power

0.3

0.2

0.4

Labor

0.5

0.4

0.0
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Let’s Define a few variables
𝑷𝑴 = The Machine company’s total income
𝑷𝑷 = The Power company’s total income
𝑷𝑳 = The Labor company’s total income
(c) Set up equations to set each company’s income equal to its expenses (remembering that their
expenses are how much they spend on other company’s outputs). As an example, this is how the
equation would be set up for the machine company:
𝑃& = 0.2 𝑃& + 0.4 𝑃' + 0.6 𝑃(
Notice how the decimal percentage that the machine company spends on each company’s output is
multiplied by that company’s total income, to get how much the machine company is paying the company its
buying outputs from! Now you try:
𝑃' = 0.3𝑃& + 0.2𝑃' + 0.4 𝑃(
𝑃( = 0.5𝑃& + 0.4𝑃' + 0.0𝑃(
(d) Move all terms to the left-hand side of the equal sign, for each of the equations in part (c). After
doing this, fill in the blanks below.
0.8 𝑃& − 0.4𝑃' − 0.6 𝑃( = 0
−0.3𝑃& + 0.8𝑃' − 0.4 𝑃( = 0
− 0.5 𝑃& − 0.4𝑃' + 1 𝑃( = 0
(e) Fill out the augmented matrix below using your numbers in part (d).
PM PP
PL
0.8 −0.2 −0.6 0
𝐴 = K−0.3 0.8 −0.4 0N
−0.5 −0.4
1
0
(f) Use a reduced row echelon solver (https://tinyurl.com/2p9f7k2y) to get the reduced row echelon
form of A.
PM PP PL
1 0 −1.23 0
𝑅𝑅𝐸𝐹 = K0 1 −0.96 0N
0 0
0
0
Remember the rows of the matrix can also be read as __PM + __PP + __PL = 0
(g) Fill out the equations below using part (f).
1𝑃& + −1.23𝑃( = 0 → 𝑃& = 1.23𝑃(
1𝑃' + −0.96𝑃( = 0 → 𝑃' = 0.96𝑃(
𝑃( = 𝑃(
(h) Write the first bracketed column in terms of PL using part (g) then factor out the PL.
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𝑃&
1.23𝑃(
1.23
K 𝑃' N = K0.96𝑃( N = 𝑃( K0.96N
𝑃(
𝑃(
1
This is the general solution for the city’s economy in equilibrium! Given the total income of the labor
company (PL), you can find the total income for both the machine company and the power company
when every company is spending just as much money as they are making from selling their outputs!
(i) If the total income of the labor company was 5 (to represent $5 million), what does the general
solution from (h) become?
𝑃&
1.23
1.23
K 𝑃' N = 𝑃( K0.96N = ( 5 ) K0.96N
𝑃(
1
1
Now multiply every number in the bracket by this number.

So Equilibrium Incomes are:

𝑃&
1.23
6.15
( 5 ) K0.96N = K 4.8 N = K 𝑃' N
𝑃(
1
5
PM = $6.15 million
PP = $4.8 million
PL = $ 5 million

These are the equilibrium coefficients! If all companies make this much money, every company’s income
will be exactly equal to their expenses.

35

Economy 2 – KEY
(ECONOMICS2) The Linear Algebra Behind the Economy! (Student Led - Practice Assignment)
Use the following information to answer questions 1 and 2:
Suppose there is a small city with a very simple economy. This economy is made up of 3 different
companies.
Lumber, Power, Textiles
Each of these companies has an income where they make money off the other two companies buying their
product or service(output), and expenses where they spend money on the other two companies’ products
or services (outputs).
𝑷𝑳 = The Lumber company’s total income
𝑷𝑷 = The Power company’s total income
𝑷𝑻 = The Textile company’s total income
Question 1
(d) Use the following table to set up equations to set each company’s income equal to its expenses
(remembering that their expenses are how much they spend on other company’s outputs).
(Reference: part c in the intro assignment).
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑛𝑔 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 →
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐵𝑢𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 ↓

Lumber

Power

Textiles

0.4

0.3

0.7

0.5

0.1

0.1

0.1

0.6

0.2

Lumber
Power
Textiles
𝑃( = 0.4 𝑃( + 0.3𝑃' + 0.7 𝑃*
𝑃' = 0.5 𝑃( + 0.1𝑃' + 0.1 𝑃*
𝑃* = 0.1 𝑃( + 0.6𝑃' + 0.2 𝑃*
(e) Move all terms to the left-hand side of the equal sign, for each of the equations in part (c). After
doing this, fill in the blanks below. (Reference: part d in the intro assignment).
0.6 𝑃( − 0.3𝑃' − 0.7 𝑃* = 0
−0.5 𝑃( + 0.9𝑃' − 0.1 𝑃* = 0
− 0.1 𝑃( − 0.6𝑃' + 0.8 𝑃* = 0
(f) Fill out the augmented matrix below using your numbers in part (b). (Reference: part e in the
intro assignment).
PM
PP
PL
0.6 −0.3 −0.7 0
𝐴 = K−0.5 0.9 −0.1 0N
−0.1 −0.6 0.8 0
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Question 2
(d) Use the following table to set up equations to set each company’s income equal to its expenses
(remembering that their expenses are how much they spend on other company’s outputs).
(Reference: part c in the intro assignment).
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑛𝑔 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 →
𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝐵𝑢𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑂𝑢𝑡𝑝𝑢𝑡𝑠 ↓

Lumber

Power

Textiles

0.1

0.2

0.8

0.7

0.2

0.2

0.2

0.6

0.0

Lumber
Power
Textiles
𝑃( = 0.1 𝑃( + 0.2 𝑃' + 0.8 𝑃*
𝑃' = 0.7 𝑃( + 0.2 𝑃' + 0.2 𝑃*
𝑃* = 0.2 𝑃( + 0.6 𝑃' + 0.0 𝑃*
(e) Move all terms to the left-hand side of the equal sign, for each of the equations in part (c). After
doing this, fill in the blanks below. (Reference: part d in the intro assignment).
0.9 𝑃( − 0.2𝑃' − 0.8 𝑃* = 0
−0.7 𝑃( + 0.8𝑃' − 0.2 𝑃* = 0
− 0.2 𝑃( − 0.6𝑃' + 1 𝑃* = 0
(f) Fill out the augmented matrix below using your numbers in part (b). (Reference: part e in the
intro assignment).
PM
PP
PL
0.9 −0.2 −0.8 0
𝐴 = K−0.7 0.8 −0.2 0N
−0.2 −0.6
1
0
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Economy 3 – KEY
(ECONOMICS3) The Linear Algebra Behind the Economy! (Student Led - Practice Assignment)
Use the following information to answer parts (a-e):
Suppose there is a small city with a very simple economy. This economy is made up of 3 different
companies.
Distribution, Manufacturing, Fishing
Each of these companies has an income where they make money off the other two companies buying their
product or service(output), and expenses where they spend money on the other two companies’ products
or services (outputs).
𝑷𝑫 = The distribution company’s total income
𝑷𝑴 = The manufacturing company’s total income
𝑷𝑭 = The fishing company’s total income
(a) Use the following matrix in reduced row echelon form to fill in the equations below (Reference:
part f-g in the intro assignment).
PD PM PF
1 0 −0.95 0
𝑅𝑅𝐸𝐹 = K0 1 −0.70 0N
0 0
0
0
Remember the rows of the matrix can also be read as __PD + __PM + __PF = 0
1𝑃- + −0.95𝑃. = 0 → 𝑃- = 0.95𝑃.
1𝑃& + −0.70𝑃. = 0 → 𝑃& = 0.70𝑃.
𝑃. = 𝑃.
(b) Write the first bracketed column in terms of PF using part (g) then factor out the PF. (Reference:
part h in the intro assignment).
𝑃0.95𝑃.
0.95
K𝑃& N = K0.70𝑃. N = 𝑃. K0.70N
𝑃.
1𝑃.
1
This is the general solution for the city’s economy in equilibrium! Given the total income of the fishing
company (PF), you can find the total income for both the distributing company and the manufacturing
company when every company is spending just as much money as they are making from selling their
outputs!
(c) If the total income of the fishing company was 3 (to represent $3 million), what does the general
solution from (b) become? What are the equilibrium incomes for each company under these
conditions? (Reference: part i in the intro assignment).
2.85
0.95
0.95
𝑃. K0.70N = (3) K0.70N = K2.10N
1
1
3
38

(d) If the total income of the fishing company was 10 (to represent $10 million), what does the general
solution from (b) become? What are the equilibrium incomes for each company under these
conditions? (Reference: part i in the intro assignment).
9.5
0.95
0.95
𝑃. K0.70N = (10) K0.70N = K7.0N
1
1
10
(e) If the total income of the fishing company was 0 (to represent $0 million), what does the general
solution from (b) become? What are the equilibrium incomes for each company under these
conditions? Does this mean that none of the companies are making or spending any money?
(Reference: part i in the intro assignment).
0
0.95
0.95
𝑃. K0.70N = (0) K0.70N = K0N
0
1
1
When the fishing company’s equilibrium income is $0, the other equilibrium incomes must also
be $0 so no one is making or spending any money.
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Health 1 – KEY
(HEALTH1) Linear Algebra and Nutrition! (Teacher Led - Intro Assignment)
Suppose a healthy lunch should consist of the following recommended amounts of these macronutrients:
Proteins

Carbohydrates

Fats

50 g

68 g

9g

And in your fridge, you have these foods available:
Nonfat yogurt
Protein Bars
Shrimp Pasta
Each of these foods, per 1 serving, have the following macronutrients:
𝐹𝑜𝑜𝑑 𝑂𝑝𝑡𝑖𝑜𝑛 →
𝑀𝑎𝑐𝑟𝑜𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝐴𝑚𝑜𝑢𝑛𝑡 (𝑔) ↓

Non-Fat Yogurt
(4 oz)

Protein Bar
(1 bar)

Shrimp Pasta
(3 cups)

Proteins
Carbohydrates
Fats

9
15
0

17
11
1.5

5
55
12

(a) Fill in the bracketed columns below according to the table above.
← (𝑔) 𝑃𝑟𝑜𝑡𝑒𝑖𝑛
9
17
5
𝑌𝑜𝑔𝑢𝑟𝑡 K15N + 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝐵𝑎𝑟 K 11 N + 𝑃𝑎𝑠𝑡𝑎 K55N ← (𝑔) 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒
0
1.5
12
← (𝑔) 𝐹𝑎𝑡𝑠
(b) Treat this as an equation and set these equal to the number of recommended macronutrients
(given above).
9
17
50
5
𝑌𝑜𝑔𝑢𝑟𝑡 K15N + 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝐵𝑎𝑟 K 11 N + 𝑃𝑎𝑠𝑡𝑎 K55N = 𝑅𝑒𝑐 K68N
0
1.5
12
9
(c) Fill out the matrix below using your numbers in part (b).
Yg
9
𝐴 = K15
0

Pb Pas Rec
17 5 50
11 55 68N
1.5 12 9

(d) Use a reduced row echelon solver (https://tinyurl.com/2p9f7k2y) to get the reduced row echelon
form of A.
Yg Pb Pas Rec
1 0 0 1.16
𝑅𝑅𝐸𝐹 = K0 1 0 2.17N
0 0 1 0.48
Remember the rows of the matrix can also be read as
__Yogurt + __Protein Bar + __Shrimp pasta = ___Rec amount
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The far-right column in the above matrix represents the amount of each food you must eat in your lunch
to meet the recommended amount! The numbers can be read as:
Rec
← # 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑛𝑔𝑠 𝑜𝑓 𝑦𝑜𝑔𝑢𝑟𝑡
1.16
K2.17N ← # 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑛𝑔𝑠 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑏𝑎𝑟𝑠
0.48 ← # 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑛𝑔𝑠 𝑜𝑓 𝑠ℎ𝑟𝑖𝑚𝑝 𝑝𝑎𝑠𝑡𝑎
So, this is how much of each food to eat to stick to your macronutrient diet for lunch!
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Health 2 – KEY
(HEALTH2) Linear Algebra and Nutrition! (Student Led – Practice Assignment)
Use the following information to answer parts (a-e):
Suppose a healthy dinner for a marathon runner should consist of the following recommended amounts
of these macronutrients:
Proteins
60 g

Carbohydrates
100 g

Fats
9g

And in their fridge, they have these foods available:
Peanut Butter

Steak

Cereal

(a) Use the information above to fill out the following table: (Reference: part a in intro assignment).
𝐹𝑜𝑜𝑑 𝑂𝑝𝑡𝑖𝑜𝑛 →
𝑀𝑎𝑐𝑟𝑜𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝐴𝑚𝑜𝑢𝑛𝑡 (𝑔) ↓

Peanut Butter
(16 g)

Pepper Steak
(100 g)

Cheerios Cereal
(18 g)

Proteins
Carbohydrates
Fats

3.6
3.6
8.3

12
4.4
9.1

2.2
13
1.2

(b) Fill in the bracketed columns below according to the table above. (Reference: part a in the intro
assignment).
← (𝑔) 𝑃𝑟𝑜𝑡𝑒𝑖𝑛
3.6
12
2.2
(𝑔)
𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒
𝑃𝑒𝑎𝑛𝑢𝑡𝐵 K3.6N + 𝑆𝑡𝑒𝑎𝑘 K4.4N + 𝐶𝑒𝑟𝑒𝑎𝑙 K 13 N ←
8.3
9.1
1.2
← (𝑔) 𝐹𝑎𝑡𝑠
(c) Treat this as an equation and set these equal to the number of recommended macronutrients
(given above). (Reference: part b in the intro assignment).
3.6
12
2.2
60
𝑃𝑒𝑎𝑛𝑢𝑡𝐵 K3.6N + 𝑆𝑡𝑒𝑎𝑘 K4.4N + 𝐶𝑒𝑟𝑒𝑎𝑙 K 13 N = 𝑅𝑒𝑐 K100N
8.3
9.1
1.2
9
(d) Fill out the matrix below using your numbers in part (c). (Reference: part c in the intro
assignment).
Pb Stk Cer Rec
3.6 12 2.2 60
𝐴 = K3.6 4.4 13 100N
8.3 9.1 1.2
9
(e) Would getting a negative set of values for the amount of each food you should eat make sense? Is it
possible to eat a negative amount of food?
No. You can’t consume a negative amount of food. A solution like this wouldn’t make physical sense.
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